We calculate for the first time the probability density functions (PDFs) P of burst energy e, duration T and inter-burst interval τ for a known turbulent system in nature. Bursts in the earth-sun component of the Poynting flux at 1 AU in the solar wind were measured using the MFI and SWE experiments on the NASA WIND spacecraft. We find P (e) and P (T ) to be power laws, consistent with self-organised criticality (SOC). We find also a power law form for P (τ ) that distinguishes this turbulent cascade from an SOC avalanche distribution with exponential τ . We discuss the implications for the relation between SOC and turbulence.
1 AU in the solar wind were measured using the MFI and SWE experiments on the NASA WIND spacecraft. We find P (e) and P (T ) to be power laws, consistent with self-organised criticality (SOC). We find also a power law form for P (τ ) that distinguishes this turbulent cascade from an SOC avalanche distribution with exponential τ . We discuss the implications for the relation between SOC and turbulence.
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In their seminal papers [1, 2] , Bak et al. (BTW) asserted that a discrete cellular automaton ("sandpile model" [3] ) had a temporal and spatial response to perturbation that was characterised by long time correlations and scale-invariant (fractal) spatial structure. The latter was manifested by a scale-free distribution of energy release events (avalanches) and was argued to give rise to "1/f " noise. They proposed the sandpile as a toy model of turbulence partly because of the "1/f " scaling in time of turbulence [1] . Also [2] , in Kolmogorov turbulence, long-wavelength, injection-range perturbations cause a scale-free forward cascade of energy transport until the dissipation scale is reached. Consequently, one might also expect the occurrence probability density functions (PDFs) of avalanche quantities in turbulent systems to be power laws (P (x) = Cx −α ). These have recently been shown in avalanche area A for generic cascade models [4] , and in energy e and duration T for shell models [5] and reduced MHD simulations [6] .
In this Letter we demonstrate for the first time that the specific avalanche phenomenology (power laws in P (e) and P (T )) predicted by BTW for their sandpile is observed within a large scale experimentally-accessible system (the solar wind) for which independent evidence of turbulence exists [7] .
BTW postulated [1, 2] that the appearance of "1/f " noise and "avalanche phenomenology" [8] (power laws in P (e), P (T ), and P (A)) in Nature was due to an underlying fixed point in the dynamics ("criticality") which was attractive ("self-organised") -Self-Organised Criticality (SOC). Renormalisation group studies [9] have demonstrated that the Abelian BTW model indeed exhibits an attractive fixed point. Although BTW argued that SOC implied "1/f " and avalanche phenomenology, the converse is not true: The observation of this phenomenology in natural systems [10] does not by itself prove that such systems are SOC.
There are many examples of systems that are either not self-organised or not critical, or both, that nevertheless present "1/f " and avalanche phenomenology. "1/f " noise (long time correlations and self-affinity) has been observed in turbulent fusion plasmas and cited as evidence for SOC [11] , but Krommes and Ottaviani [12] showed that this can be generated by a stochastic diffusion equation alone. Avalanche phenomenology has been seen in the forest fire model [13] controlled by a repulsive rather than an attractive fixed point; it thus has to be tuned to exhibit scaling [14] . Some other models [10] exhibit power-law distributions without finite size scaling and so are not bona fide critical. Avalanche phenomenology can also be produced by coherent noise driving [15] or by "sweeping of an instability" [16] .
Rather than use the SOC label for any system that has "1/f " and avalanche phenomenology [17] , we here follow Boffetta et al. [5] in retaining BTW's definition of SOC as the mechanism of self-organisation to a critical state. From this point of view, in order to show the presence of SOC, one has to demonstrate a property of self-organisation to criticality rather than the "1/f " and avalanche phenomena that SOC was designed to unify.
Criticality has been tested for by showing finite-size scaling of avalanche distributions for different system lengths [2, 18] and the presence of scaling relations between the exponents of the avalanche energy, size and duration power laws [10] . New evidence [19] also links the normalised PDF of total dissipated energy in a system to that of magnetisation fluctuations in a model critical system (the 2-D XY model). Many natural systems of geophysical or astrophysical interest, however, do not permit measurement of the dissipation rate of the whole system, or of energy, size and duration distributions together. Nor do they allow the system length to be changed for a finite-size scaling analysis. For such cases, Boffetta et al. [5] have proposed an experimentally accessible observable, the PDF P of inter-burst intervals τ , which was shown to discriminate between the BTW sandpile (for which P (τ ) is exponential) and a shell model of turbulence (for which P (τ ) is a power law).
Boffetta et al. applied their discriminator to the avalanche phenomenology of solar flares which was argued to have an SOC origin [20] . They found behaviour more consistent with a shell model of turbulence. In this Letter we have applied their proposed discriminator to the solar wind. This is a useful venue for the test because of the long-standing evidence of turbulence in the solar wind [7] . Here, we also find a closer match of P (τ ) to the power law predicted for a shell model than to the exponential form of BTW SOC. This suggests that the avalanche phenomenology in the solar wind is more likely a consequence of the scaling common to all cascades [4] [5] [6] rather than of SOC in particular. These observations are of geophysical relevance too because we have previously shown [21] a similarity between the avalanche phenomenology of geomagnetic perturbations [22] which measure dissipative currents in the Earth's ionosphere and the energy delivered by the solar wind to the Earth's magnetic and plasma environment. Independently, an analysis based on the R/S Hurst exponent of the solar wind and magnetospheric indices [23] has drawn similar conclusions to those of [21] .
The solar wind is a near-radial supersonic plasma outflow from the solar corona which carries with it solar magnetic flux into interplanetary space by virtue of the plasma's very high electrical conductivity. In this ideal magnetohydrodynamic (MHD) approximation, the electric field E ′ in the rest frame of the moving plasma is given by In the resulting time series, bursts were identified as intervals when the Poynting flux exceeded a given fixed threshold [22] . Thresholds were set at the 10,20,...90 percentiles of the cumulative probability distribution of the Poynting flux. For each threshold, the PDF of the burst energy e, burst lifetime T , and inter-burst interval τ was calculated, where the burst energy is the sum of the Poynting flux samples over the burst lifetime T . The PDFs are shown in Figure 1 . The burst energy PDF (top panel) can be seen to have a power law region over about 4 orders of magnitude between about 10 −5 and 10 −1 J m −2 . The burst lifetime PDF (second panel) also exhibits a power law region and can be fitted by a power law with exponential cut-off similar to that found previously for the solar wind ε function [21] . In these respects, the solar wind Poynting flux has the avalanche phenomenology of SOC.
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The inter-burst interval PDF has been plotted on both a log-log scale (third panel) and a log-linear scale (bottom panel). It is readily seen that this PDF is a power law rather than However, the important question remains [6] as to the generality of Boffetta et al.'s identification of an exponential P (τ ) with SOC. This identity certainly holds for the BTW sandpile [30, 5] . Now let us consider another sandpile models -the conservative nearest neighbour OFC model [25, 10] . This model has been shown to be critical [26] and to evolve to a steady state [10] . In this case, P (τ ) is found to be exponential [25] . There is also a non-conservative form of the nearest neighbour OFC model [25, 10] in which dissipation is introduced. This ceases to be critical [26] and in this dissipative case, P (τ ) is found to differ from an exponential [25, 27] . This supports the identification of exponential P (τ ) with SOC.
Consequently, we have discounted the critical BTW and conservative nearest neighbour OFC models as descriptions of the Poynting flux in the solar wind. Alternative sandpile models,
including cellular automaton models of turbulence [6] , may yet be admissable. From what we have found so far, they are unlikely to be of the SOC subclass.
The observation [5, 30] that energy release episodes in the prototype SOC model are exponentially-distributed in time has wider consequences. It is a standard result that
Poisson-distributed random numbers have an exponential distribution of waiting times. This will give rise to a 1/f 2 power spectrum [10] for frequencies higher than those corresponding to the longest correlation time. In the BTW model, this is the time for the longest avalanche which is set by the system length. It is thus not surprising, with hindsight, that Jensen et al. [31] found that the BTW system had a 1/f 2 high frequency power spectrum 
